Toxoplasma gondii (T. gondii) is an intracellular pathogen that can lead to abortion in pregnant women infected with this parasite. Therefore, the present study aimed to estimate the global seroprevalence of anti-T. gondii antibodies in women who had spontaneous abortion based on the results of published articles and evaluate the relationship between seroprevalence of anti-T. gondii antibodies and abortion via a systematical review and meta-analysis.
Results
In total, 8 cross-sectional studies conducted on 1275 women who had abortion in present pregnancy, 40 cross-sectional studies performed on 9122 women who had a history of abortion, and 60 articles (involving 35 cross-sectional studies including 4436 women who had spontaneous abortion as case and 10398 as control and 25 case-control studies entailing 4656 cases and 3178 controls) were included for the final analyses. The random-effects estimates of the prevalence of anti-T. gondii IgG antibody in women who had abortion in present pregnancy and women who had a history of abortion were 33% (95% CI: 17%-49%) and 43% (95% CI: 27%-60%), respectively. In addition, the pooled OR for anti-T. gondii IgG antibody in cross-sectional and case-control studies among women who had spontaneous a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
Introduction
Toxoplasmosis is a serious endemic disease caused by an intracellular parasite called Toxoplasma gondii (T. gondii). According to the seroepidemiological studies, this parasite infects about 15-85% of the total population of the world [1] [2] [3] . The only known definitive hosts for T. gondii are members of family Felidae, including domestic and wild cats. On the other hand, various warm-blooded mammals, including humans and rodents can be the intermediate host of this parasite [4] . Human infections are acquired through several major ways: 1) consumption of undercooked meat especially pork and mutton and unpasteurized milk from infected animals, 2) direct or indirect contact with oocysts from the environment, 3) vertical transmission during pregnancy, 4) blood transfusions, and 5) organ transplants [5] [6] [7] [8] . T. gondii infection is generally asymptomatic in immunologically healthy adults. However, it can cause a variety of life-threatening clinical complications in immunocompromised patients [9] . This parasite is of utmost importance during pregnancy since it can cross the placental barrier to infect embryonic tissues [10, 11] . If this infection occurs during the first and second trimester of pregnancy, it may manifest in severe symptoms, such as low birth weight, hydrocephaly, intracranial calcifications, and retinochoroiditis that are recognizable at birth [12] . On the other hand, infections in the third trimester of pregnancy do generally not show symptoms at birth; however, they may develop intracranial calcifications, hearing impairment, visual disorders, and developmental delay later in life [13] . The global annual incidence rate of congenital toxoplasmosis (CT) is estimated to be 190,100 cases with an approximate incidence rate of 1.5 cases per 1000 live births [14] . Effective factor in transplacental transmission and severity of CT depends on the time of maternal infection [15] . There are two types of miscarriage: sporadic and recurrent [16] . Spontaneous pregnancy loss is a clinical problem of pregnancy occurring in 15% of all clinically recognized pregnancies [17] . The diagnosis of CT for the prevention of abortion is based on laboratory techniques, monitoring the immune response, direct detection of the parasite by animal or tissue inoculation, and molecular techniques [18] .
Some of the risk factors of abortion cited in different studies include ethnicity, stress, use of non-steroidal anti-inflammatory or some antidepressant drugs, smoking, use of cocaine, caffeine and alcohol abuse, and obesity [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] . Specifically, 15% of early abortions and 66% of late abortions are attributed to infections [30, 31] . T. gondii, Toxocara cati, Toxocara canis, Plasmodium falciparum, Escherichia coli, Listeria monocytogenes, Brucella species, Klebsiella pneumonia, Rubella, Cytomegalovirus, Varicella-Zoster Virus, human immunodeficiency virus, and human papillomavirus are the most common causes of intrauterine infections [32, 33] . Congenital infections, such as CT, are the main causes of miscarriage [33] . Habitual abortion or recurrent miscarriage is the three consecutive pregnancy loss prior to 20 weeks from the last menstrual period [17] . [40] . The prevalence of T. gondii infection in pregnant women varies significantly across different continents and countries around the world. Seroprevalence of T. gondii is reported to be high in Europe, up to 54% in Southern European countries, whereas this value was found to be within 18.5%-92.5% in sub-Saharan Africa [41, 42] . Given the important role of T. gondii infection in abortion and indefinite rate of T. gondiiassociated abortion around the world, the present study aimed to determine the rate of seroprevalence of anti-T. gondii antibodies among women who had abortion or a history of abortion, and evaluate the relationship between seroprevalence of anti-T. gondii antibodies and abortion in women.
Methods

Design and protocol registration
A protocol was registered with PROSPERO (No. CRD42019124531) and published and the methods are briefly reported here [43] . We used the preferred reporting items for systematic reviews and meta-analysis guidelines for the performance of this study (S1 Table) [44] .
Search strategy
A literature search was performed using the following electronic databases: PubMed, Scopus, EMBASE, ProQuest, ScienceDirect, Web of Science, and Google Scholar search engine from inception until 25 th of April 2019. Search terms are applied alone or in combination as follows: (Toxoplasma gondii OR T. gondii OR toxoplasmosis) AND (abortion OR miscarriage OR fetal loss) AND pregnant women. In addition, the search was restricted to English language articles; therefore, published articles in non-English languages and unpublished studies were not investigated. Moreover, citation lists of relevant papers were checked.
Inclusion and exclusion criteria
Inclusion criteria entailed English language articles evaluating the effects of T. gondii on abortion only among human subjects in cross-sectional and case-control studies. On the other hand, we excluded non-original papers (reviews, systematic reviews, editorials or letters), and conference papers. Also, the studies that T. gondii infection was diagnosed by molecular methods in women who had spontaneous abortion, paraffin-embedded blocks and placenta tissues were excluded from our study.
Study selection and data extraction
All retrieved articles were stored in EndNote X9 to organize the summaries. Search results were merged, duplicates were removed automatically and all the titles and abstracts and identified relevant articles were independently scanned by two team members (Fig 1) . Two reviewers independently extracted the data using a standardized form. The extracted variables included the name of the first author, year of publication, location of the study, diagnostic method, serological results, number of seropositive cases, as well as the age of the participants.
Quality assessment
The quality of the articles was assessed independently in terms of selection, comparability, and exposure. Quality was scored using the Newcastle-Ottawa Scales (NOS) [45] . The quality scale was within the range of 0-9 points with a score of � 3 representing a low-quality study. On the other hand, studies with a NOS score > 6 in case-control and > 5 in cross-sectional studies are considered high quality.
Statistical analysis
The data were analyzed in Stata software (version 14; Stata Corp, College Station, TX, USA). The odds ratio (ORs) was used for this meta-analysis with 95% confidence intervals (CIs) to assess the relationship between seroprevalence of anti-T. gondii antibodies and abortion in women who had spontaneous abortion. Moreover, the pooled seroprevalence of anti-T. gondii antibodies was calculated in women with either a recent abortion or a history of abortion. In the forest plots, OR > 1 denotes the positive effect of T. gondii on abortion, whereas an OR < 1 is indicative of the protective effect of T. gondii on abortion. In addition, I 2 statistics were applied to represent the heterogeneity index [46] . Only when I 2 > 50%, the heterogeneity was considered significant. Publication bias was evaluated through Egger's test and it was considered significant when P-value was less than 0.05 [47] . Additionally, the sensitivity analysis test was performed by removing the effect of each study on the overall results. In addition, the method of "trim and fill" has been used for a comprehensive evaluation of the possible effects of publication bias. The subgroup analysis and meta-regression test were conducted according to the diagnostic methods and type of study.
Results
Study identification and selection
A total of 35105 publications were identified and archived in EndNote (version X9) to organize the resources used in the research process. Duplicates were removed by automation followed by a manual duplicate search. The duplication search included a comparison of the authors' name, journals name, year of publication, volume number, issue number, page number, and the titles. In the next step, the titles and abstracts of full texts were independently reviewed by two researchers (TN and ZH). Finally, 244 papers were selected for the accurate evaluation of full texts out of which 72 papers were included in the systematic review. One study was not analyzed because it did not accurately quantify the number of IgM and IgG positive cases separately [48] , and its data were only systematically presented; therefore, 71 papers were included in the meta-analysis. Eight articles were related to the seroprevalence of anti-T. gondii antibodies in women who had spontaneous abortion in present pregnancy [49] [50] [51] [52] [53] [54] [55] [56] . Moreover, serologic methods were used in six of these studies [49-52, 55, 56] . Two out of 8 articles used both serological and molecular methods in the diagnosis of T. gondii [53, 54] . The seroprevalence of anti-T. gondii antibodies in women who had a history of abortion (one or more times) was investigated in 40 articles. In addition, 60 articles were reviewed to estimate the relationship between seroprevalence of anti-T. gondii antibodies and abortion, out of which 35 articles were cross-sectional studies that examined the seroprevalence of anti-T. gondii antibodies in women who had a history of abortion; however, it was possible to calculate the ORs for them due to the nature of the studies. Therefore, they were also used to evaluate the relationship between seroprevalence of anti-T. gondii antibodies and abortion. Fig 1 demonstrates the process of articles screening and selection.
General characteristics of included studies
General characteristics of included studies are depicted in Tables 1-3 . These studies which were published between 1971 and 2019 included 25 case-control and 47 cross-sectional studies. As shown in the Tables 1-3, various studies have used the different diagnostic methods, such as enzyme-linked immunosorbent assay (ELISA), direct agglutination test (DAT), complement fixation test (CFT), latex agglutination test (LAT), indirect haemagglutination (IHA), haemagglutination (HA), indirect immunofluorescence assay (IFA), enzyme immunoassay (EIA), lateral flow immunoassay (LFIA), avidity test, Remington test, mini VIDAS technique, and one step advanced quality. Participants in the majority of articles were ascertained by ELISA (50 studies). Some studies used two or more diagnostic methods for T. gondii infection. It is noted that most researchers performed the tests using commercial kits and some of them used in house tests.
In addition, the included articles in the present meta-analysis showed an acceptable quality (i.e., � 3 for cross-sectional studies and � 4 for case-control studies). S2 Table represents the quality score of different eligible studies.
Seroprevalence of anti-T. gondii antibodies in women who had a history of abortion
A total of 9004 women who had a history of abortion were investigated for the seroprevalence of anti-T. gondii IgG antibody in 39 articles, out of which 2930 were positive using several serological methods. In addition, 16 studies entailing 3662 women who had spontaneous abortion were reviewed for the seroprevalence of anti-T. gondii IgM antibody out of which 286 women were seropositive. According to forest plot diagram in Fig 2 and S1 Fig, the pooled seroprevalence of anti-T. gondii IgG and IgM antibodies in women who had a history of abortion based on a random effects model was estimated at 43% (95% CI: 27%-60%) and 3% (95% CI: 3%-4%), respectively. Furthermore, I 2 statistic revealed a significant heterogeneity among the studies (I 2 = 99.87%, P = 0.00). Moreover, subgroup analysis results based on diagnostic methods showed that heterogeneity for ELISA and other methods (DAT, CFT, LAT, IFA, EIA, LFIA, and Remington test) were I 2 = 99.53%, P = 0.00 and I 2 = 99.22%, P = 0.00, respectively. In addition, heterogeneity between groups was P = 0.744 ( Fig 2) .
Seroprevalence of anti-T. gondii antibodies in women who had abortion in present pregnancy
A total number of 1275 women who had spontaneous abortion in present pregnancy were examined for the seroprevalence of anti-T. gondii antibodies using different serologic tests. 1275 serum samples in eight studies and 1136 serum samples of women who had abortion in present pregnancy in seven studies were evaluated for anti-T. gondii IgG and IgM antibodies using serologic tests out of which 443 and 67 cases were positive for anti-T. gondii IgG and IgM antibodies, respectively. The pooled seroprevalence rates of anti-T. gondii IgG and IgM antibodies in women who had abortion in present pregnancy using a random-effects model were determined to be 33% (95% CI: 17%-49%) and 1% (95% CI: 1%-2%), respectively (Fig 3  Table 1 . Characteristics of the included studies for seroprevalence of anti-T. gondii antibodies in women who had a history of abortion.
First author Publication year
Place of study Type of study 
Relationship between anti-T. gondii IgG antibody and abortion
A total of 53 studies entailing 8448 women who had spontaneous abortion and 13097 control individuals were evaluated in the current study. This meta-analysis included 34 cross-sectional studies evaluating anti-T. gondii IgG antibody and abortion with 4318 women who had spontaneous abortion (1889 positive for anti-T. gondii antibodies) and 10298 women as the control group (3404 positive for anti-T. gondii antibodies). Moreover, 19 case-control articles evaluating anti-T. gondii IgG antibody and abortion were entered into the meta-analysis including 4130 women who had spontaneous abortion (1370 positive for anti-T. gondii antibodies) and 2799 controls (657 positive for anti-T. gondii antibodies). As depicted in the forest plot diagram, the pooled ORs of the risk of anti-T. gondii IgG antibody investigated in women who had spontaneous abortion in cross-sectional and case-control studies were 1.65 (95% CI: 1.31-2.09) and 2.26 (95% CI: 1.56-3.28), respectively (Figs 4 and 5) . Additionally, the test of 
PLOS NEGLECTED TROPICAL DISEASES
The global seroprevalence of Toxoplasma gondii antibodies in women who had abortion heterogeneity revealed significant heterogeneity among cross-sectional and case-control studies as I 2 = 82.2%, P = 0.00 and I 2 = 84.8%, P = 0.00, respectively. Publication bias was assessed using Egger's test in cross-sectional studies (P = 0.194) and no publication bias was observed (S3 Fig). On the other hand, the results of Eggert's test were statistically significant in case-control studies (P = 0.007) (S4 Fig) . In addition, there was no change in the results of pooled random-effects analysis corrected by using "trim and fill" method (S5 Fig) . The robustness and reliability of the results of this meta-analysis were indicated by sensitivity analysis (S6 and S7 Figs). In order to improve the interpretation of the meta-analysis results, a meta-regression test was performed based on the type of study revealing the significant effect of type of study on the heterogeneity of the studies (P = 0.032). (Fig 7) . Moreover, the results illustrated a significant heterogeneity in cross-sectional and case-control studies (I 2 = 75.9%, P = 0.00 and I 2 = 71.5%, P = 0.00), respectively. The results of Egger's test were not statistically significant in cross-sectional studies (P = 0.36), which indicates no publication bias. However, the funnel plot shows asymmetric pattern (S8 Fig) . Based on the results of "trim and fill" method, publication bias does not PLOS NEGLECTED TROPICAL DISEASES Table 3 . Description of the studies included looking for an association between seroprevalence of anti-T. gondii antibodies and abortion.
Relationship between anti-T. gondii IgM antibody and abortion
First author Publication year
Place of study appear to have a significant impact on the results (S9 Fig). On the other hand, the results of Egger's test were statistically significant in case-control studies (P = 0.02) (S10 Fig). According to the results of "trim and fill" method, publication bias does not have a significant effect on the results of the pooled random-effects analysis (S11 Fig). The results confirmed the reliability and stability of the present meta-analysis after the performance of sensitivity analyses (S12 and S13 Figs). In addition, we performed the meta-regression analysis based on the type of study suggesting type of study had no significant effect on the heterogeneity among the studies included in the present meta-analysis (P = 0.77).
Discussion
Fetuses are at high risk of this parasite during acute infection due to Toxoplasma's ability to cross the placental barrier and infect the fetus before it can acquire immunity [115] . This systematic review and meta-analysis investigated the seroprevalence of anti-T. gondii antibodies in women who had abortion in present pregnancy or a history of abortion and the relationship 
PLOS NEGLECTED TROPICAL DISEASES
The global seroprevalence of Toxoplasma gondii antibodies in women who had abortion between the seroprevalence of anti-T. gondii antibodies and abortion. The obtained results indicated that the overall estimation for the prevalence of anti-T. gondii IgG antibodies in women who had a history of abortion (43%; 95% CI: 27%-60%) was higher than those with present abortion (33%; 95% CI: 17%-49%). According to Figs 2 and 3 , the highest and lowest seroprevalence rates of anti-T. gondii antibodies in women who had a history of abortion were related to the studies performed by Mohaghegh et al. as 100% (95% CI: 0-100%) [83] and Alvarado-Esquivel et al. as 5% (95% CI: 1-15%) [80] . Additionally, the highest and lowest 
The global seroprevalence of Toxoplasma gondii antibodies in women who had abortion seroprevalence rates of anti-T. gondii antibodies in women who had abortion in present pregnancy were observed in studies conducted by Hernández-Cortazar et al. as 59% (95% CI: 51-66%) [54] and Sanghi et al. as 0% (95% CI: 0-4%) [52] . IgG seropevalence is dependent on age and the risk of fetal loss increases after the age of 35 years. The risk of fetal loss is 9% in women aged 20-24 years and increases to 75% among women aged 45 and over. Because in the included articles the relationship of age and the seropositivity of T.gondii antibodies was not evaluated, we avoided the analysis of this main risk factor and this can be considered as a basic gap. The prevalence of this infection varies according to geographical area and differences in climate, dietary habits, hygiene, and susceptibility of the host [116] . The global prevalence of T. gondii infection in pregnant women is within the range of 7%-51.3% and seroprevalence in women with abnormal pregnancies is within the range of 17.5-52.3% [93, 97] . The overall prevalence of T. gondii varies from country to country. Moreover, in some countries it has declined dramatically over the years. For example, in France, the prevalence of T. gondii infection in pregnant women in the 1960s was 84%, in 1995, it was 54% and in 2003, it was 44%. Since France operates a congenital toxoplasmosis surveillance system; so, this system appears to be an essential tool for evaluating the efficacy of new screening strategies [117] .
Moreover, this study assessed the relationship between seroprevalence of anti-T. gondii antibodies and abortion. The results revealed that the ORs of prevalence of anti-T. gondii IgG antibodies in women who had spontaneous abortion were 1.65 (95% CI: 1.31-2.09) in crosssectional and 2.26 (95% CI: 1.56-3.28) in case-control studies, compared to control group. In all of these analyses, heterogeneity was significant (I 2 > 50%). Variation in these studies in terms of inclusion and exclusion criteria, the diverse populations, the difference in the PLOS NEGLECTED TROPICAL DISEASES methods of selection of the target populations, the age of the participants in the studies, the type of study (cross-sectional or case-control studies) may contribute to heterogeneity among studies. Therefore, a meta-regression test was performed to investigate the impact of the type of study on heterogeneity. The results suggested that the type of study had a significant effect on the assessment of the relationship between anti-T. gondii IgG antibody and abortion. However, this effect was not significant for anti-T. gondii IgM antibody. Based on results of the Egger's test, there is no significant publication bias in cross-sectional studies. However, the results of Eggert's test were statistically significant in case-control studies. These findings are likely to be related to the variability of the results of preliminary studies entered the meta-analysis. It is worthy to note that usually language-bias can be a possible reason for publication bias since only English-language articles were used in this study. As the results of the "trim and fill" method showed that the publication bias did not have a significant effect on the study results; so, the results presented in this paper seem to be valid and it is not necessary to use other languages. Furthermore, English abstracts of articles with non-English languages, due to the lack of sufficient information for analysis, were not included in our study.
Out of 72 studies, 43 were conducted in Asia, 12 in Africa, 9 in America and 8 in Europe and none in Australia and many European and American countries have no published articles PLOS NEGLECTED TROPICAL DISEASES in this field. There are several risk factors for the prevalence of T. gondii in women who had spontaneous abortion, such as ethnicity, socioeconomic status, history of contact with cats, raw meat consumption, strain's virulence of T. gondii, immunological competence of the mother, smoking, and alcohol abuse. However, these risk factors were not specifically investigated in most studies and it was not possible to perform meta-analysis these risk factors.
It is important to determine the timing of abortion in relation to the measurement of seroprevalence of anti-T. gondii antibodies; because, occurrence of infection in the first trimester, when hormone levels are low and there is little helper T cell type 2 (Th2) bias, reduces the chance of transmission to the fetus but increases the likelihood of miscarriage. In contrast, the occurrence of infection in the third trimester, when there is a strong Th2 bias, makes abortion unlikely, but increases congenital transmission. The helper T cell type 1 responses caused by T. gondii infection in early pregnancy may induce miscarriage. In contrast, the strong Th2 bias and decreased natural killer cells, macrophages and CD8+ T cells function occur in the late stages of pregnancy that may contribute to parasite survival and increase the chance of congenital transmission [118] . However, due to the lack of evaluation of this risk factor in most studies assessing the relationship between abortion and the seroprevalence of anti-T. gondii antibodies, or incomplete data in some studies, the timing of abortion was not analyzed and this is considered as a major gap. On the other hand, in cross-sectional studies, it is not known when the abortion or the seroconversion happened.
Results of IgG calculated in this study (43% and 33%) do not provide sufficient data for the evaluation of CT. This can be due to the fact that IgG appears approximately 2 weeks after 
The global seroprevalence of Toxoplasma gondii antibodies in women who had abortion IgM, reaches peak levels within 6-8 weeks, and starts to slowly decrease to lower levels after 1 year until the end of infected subject's life due to the persistence of latent cysts in immuneprivileged organs [18, 119, 120] .
In the current study, the overall prevalence of anti-T. gondii IgM antibodies in women who had abortion in present pregnancy or a history of abortion was estimated at 1% (95% CI: 1%-2%) and 3% (95% CI: 3%-4%), respectively. IgM antibody is an indicator of recent infection and detection of specific IgM antibody can assist in the determination of acute infection. It is usually detectable 1 week after infection and declines more rapidly, compared to IgG antibody. Level of IgM antibody increases to reach peak levels after 1-3 months. There is a slow decline in antibody levels over the next 9 months until negativation [121, 122] . It was revealed that IgM antibodies can be detected for 12 years following the acute phase of infection [121] . On the other hand, autoimmune antibodies, such as rheumatoid factor and antinuclear antibodies, non-specific in vitro binding and acute viral infection, can cause false-positive IgM results up to 60% and results of commercial kits used in reference laboratories. This can be viewed as the limitation of this method since it cannot be determined whether the patient has contracted this infection a few months ago or is in the acute phase of the disease which can put the fetus at risk [123, 124] .
Positive IgM test results should be confirmed in reference laboratories using specific tests, such as IgG avidity, or by evaluation of IgA and IgE antibodies [125] . When the IgM serologic reaction is positive in an asymptomatic patient, the IgG avidity test is an auxiliary test to distinguish between acute and chronic infection. Avidity antibodies are low in pregnant women who were infected at least 3-5 months earlier. Low-avidity may persist for 1 year. In these cases, the interpretation of the results needs more precision [125, 126] . It is better to study IgA antibody in pregnant women to continue the evaluation of the acute form of T.gondii infection. IgA production is similar to that of IgM and it appears during the first week, whereas IgA antibody peak occurs later than IgM and persist more than 3 or 4 months following primary infection; therefore, they disappear earlier than IgM [127] . IgA may persist for more than a year [18, 120, 127] . Therefore, it is not also sufficient in the detection of acute infection in adults [128] .
On the other hand, specific IgE antibodies are produced rapidly and remain detectable less than 4 months after infection by ELISA in sera of adults with acute infection, neonates infected with congenital infection, and children with chorioretinitis [129] . IgE antibody may be helpful in the diagnosis of lymphadenopathies, and the persistence of IgE can be an indicator of active toxoplasmosis [130] . Although IgE seropositivity occurs for a briefer period than IgM or IgA antibodies and it is useful for the diagnosis of the acute form [131, 132] , it does not have enough sensitivity [130] .
In pregnant women, confirmation of active toxoplasmosis in reference laboratories can be achieved by the inoculation of body fluids or tissues in mouse or cell culture [18] . Mouse inoculation is absolutely sensitive; however, it requires the use of live animals, housing, euthanasia, autopsy and antibody testing. In addition, it takes a maximum of 6 weeks to obtain a diagnosis and is not widely available method for modem clinical laboratories [133, 134] . Cell culture is a practical method for the detection of T. gondii than mouse inoculation; however, it is relatively slow and may not be sensitive [135] . 
The global seroprevalence of Toxoplasma gondii antibodies in women who had abortion Unfortunately, in spite of the importance of cell culture and mouse inoculation for the detection of T. gondii, most researchers have not used these techniques in their researches. Moreover, polymerase chain reaction can be performed on amniotic fluid to detect T. gondiispecific DNA after 18 weeks of pregnancy [136] .
Limitations
The limitations of the present study include: 1) lack of large cohort of women with T. gondii infection, as compared to controls for the investigation of the association between abortion and T. gondii infection (because cross-sectional and case-control studies due to their nature, do not provide the possibility to explore the causal relationship), 2) the diversity of the diagnostic methods with different sensitivity and specificity, 3) The use of English articles due to lack of fluency in other languages.
Conclusion
Since the pooled ORs for anti-T. gondii IgG and IgM antibodies in different studies among women who had spontaneous abortion were higher than controls, it shows a possible relationship between T. gondii and spontaneous abortion. Hence, emphasize on health education especially on the Toxoplasma transmission routes in the childhood, and performance of screening program using regular serologic tests during pregnancy could help physicians in the diagnosis, prevention, and treatment of toxoplasmosis and reduction of the economic burden of the disease on society.
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